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1
SEMICONDUCTOR DEVICE AND METHOD
OF MANUFACTURING SEMICONDUCTOR
DEVICE

BACKGROUND OF THE INVENTION
Field of the Invention

The present disclosure relates to a semiconductor device
and a method of manufacturing a semiconductor device.

Description of the Background Art

A semiconductor device is used in various situations such
as effective energy usage and generation in generating and
supplying electrical power. Conventionally disclosed is a
technique of reducing ringing occurring in a switching
operation of a switching element constituting a semiconduc-
tor device (for example, refer to International publication
No. 2018/194153).

SUMMARY

International publication No. 2018/194153 discloses a
technique relating to a module configuration having a snub-
ber circuit in which a capacitor and a resistance element are
connected in series on a conductive pattern provided on a
base insulating substrate. However, the snubber circuit is
provided on the conductive pattern having the same poten-
tial as a P electrode and an N electrode, thus there is a
problem that withstand voltage of the snubber circuit itself
cannot be confirmed after providing the snubber circuit.

International publication No. 2018/194153 discloses a
technique in which a snubber circuit is made up as a single
body of component having a resistance film on a ceramic
plate. However, the ceramic plate is provided on the con-
ductive pattern having the same potential as one of a P
electrode and an N electrode, thus there is a problem that
withstand voltage of the snubber circuit itself cannot be
confirmed.

An object of the present disclosure is to provide a semi-
conductor device in which withstand voltage of a snubber
circuit can be confirmed after providing the snubber circuit
and a method of manufacturing the semiconductor device.

A semiconductor device according to the present disclo-
sure includes: an insulating substrate; a circuit pattern pro-
vided on the insulating substrate; a snubber circuit substrate
provided on the insulating substrate separately from the
circuit pattern; a resistance provided on one of the circuit
pattern and the snubber circuit substrate; a capacitor pro-
vided on another one of the circuit pattern and the snubber
circuit substrate; and at least one semiconductor element
electrically connected to the resistance and the capacitor.

According to the present disclosure, the semiconductor
device includes: the circuit pattern provided on the insulat-
ing substrate; the snubber circuit substrate provided on the
insulating substrate separately from the circuit pattern; the
resistance provided on one of the circuit pattern and the
snubber circuit substrate; and the capacitor provided on
another one of the circuit pattern and the snubber circuit
substrate. Thus, withstand voltage of the snubber circuit can
be confirmed after providing the snubber circuit.

These and other objects, features, aspects and advantages
of'the present invention will become more apparent from the
following detailed description of the present invention when
taken in conjunction with the accompanying drawings.
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2
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view illustrating an example of
a configuration of a semiconductor device according to an
embodiment 1.

FIG. 2 is a drawing illustrating an example of a circuit for
implementing a dielectric voltage-withstand test of the semi-
conductor device according to the embodiment 1.

FIG. 3 is a cross-sectional view illustrating a configura-
tion of a related semiconductor device.

FIG. 4 is a cross-sectional view illustrating an example of
a configuration of a semiconductor device according to an
embodiment 2.

FIG. 5 is a plan view of the semiconductor device
illustrated in FIG. 4.

FIG. 6 is a drawing illustrating an example of a circuit
constituting a semiconductor device according to an
embodiment 3.

FIG. 7 is a plan view of the semiconductor device
illustrated in FIG. 6.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiments of the present disclosure are described
hereinafter using the drawings.

Embodiment 1

FIG. 1 is a cross-sectional view illustrating an example of
a configuration of a semiconductor device according to the
present embodiment 1.

As illustrated in FIG. 1, the semiconductor device
includes an insulating substrate 1, a base plate 5, a P-side
circuit pattern 6, an N-side circuit pattern 7, a circuit pattern
8, a semiconductor element 9, a snubber circuit substrate 14,
a resistance 15, and a capacitor 16. The P-side circuit pattern
6, the N-side circuit pattern 7, and the circuit pattern 8 are
also collectively referred to as a circuit pattern.

The semiconductor device may further include a case
surrounding each constituent element described above, and
may further include a resin filling the case.

The insulating substrate 1 includes an insulating layer 2
and a metal pattern 3. The insulating layer 2 may be ceramic,
for example. The metal pattern 3 is located on a lower
surface of the insulating layer 2.

The base plate 5 is joined to the metal pattern 3 via a
joining material 4. The joining material 4 is made up of
solder, for example. The base plate 5 is made of copper, for
example.

The P-side circuit pattern 6, the N-side circuit pattern 7,
and the circuit pattern 8 are located separately from each
other on the insulating layer 2 of the insulating substrate 1.
The semiconductor element 9 is located on the P-side circuit
pattern 6. One end of the capacitor 16 is electrically con-
nected to the N-side circuit pattern 7 via a joining material
17, and the other end thereof is electrically connected to the
circuit pattern 8 via a joining material 18.

A snubber circuit substrate 14 is joined onto the insulating
layer 2 of the insulating substrate 1 via a joining material 10.
The joining material 10 is made up of a silicon-series
material, for example, and contains silicon. The snubber
circuit substrate 14 is located separately from each of the
P-side circuit pattern 6, the N-side circuit pattern 7, and the
circuit pattern 8.

The snubber circuit substrate 14 includes an insulating
layer 11 and snubber circuit patterns 12 and 13. The insu-
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lating layer 11 may be ceramic, for example. The snubber
circuit patterns 12 and 13 are located on the insulating layer
11. One end of the resistance 15 is electrically connected to
the snubber circuit pattern 12, and the other end thereof is
electrically connected to the snubber circuit pattern 13.

A wiring 19 electrically connects the P-side circuit pattern
6 and the snubber circuit pattern 12. A wiring 20 electrically
connects the circuit pattern 8 and the snubber circuit pattern
13.

In the semiconductor device illustrated in FIG. 1, the
resistance 15 and the capacitor 16 constitute the snubber
circuit. The snubber circuit may substantially include a
resistance element and a capacitor, thus a configuration
thereof is not limited to a configuration illustrated in FIG. 1.
For example, the resistance 15 and the capacitor 16 may be
located in positions opposite to the configuration illustrated
in FIG. 1. In this case, one end of the resistance 15 is
electrically connected to the N-side circuit pattern 7 via the
joining material 17, and the other end thereof is electrically
connected to the circuit pattern 8 via the joining material 18.
One end of the capacitor 16 is electrically connected to the
snubber circuit pattern 12, and the other end thereof is
electrically connected to the snubber circuit pattern 13.

As described above, the semiconductor element 9 is
electrically connected to the snubber circuit. Accordingly,
noise occurring in switching the semiconductor element 9
can be removed by the snubber circuit. The semiconductor
element 9 is at least one of a metal oxide semiconductor field
effect transistor (MOSFET), an insulated gate bipolar tran-
sistor (IGBT), a Schottky barrier diode (SBD), and a PN
diode for example. The semiconductor element 9 may be
one of these elements, and may be a circuit with combina-
tion of these elements. In the description as an example
hereinafter, the semiconductor element 9 is an inverter
having an upper arm and a lower arm.

The semiconductor element 9 is located on the P-side
circuit pattern 6, however, the configuration is not limited
thereto. For example, the semiconductor element 9 may be
located on the N-side circuit pattern 7. In the example in
FIG. 1, the semiconductor element 9 is electrically con-
nected to the snubber circuit via the P-side circuit pattern 6
and the wiring 19, but may also be electrically connected to
the snubber circuit via a constituent element other than the
P-side circuit pattern 6 and the wiring 19.

FIG. 2 is a drawing illustrating an example of a circuit for
implementing a dielectric voltage-withstand test of the semi-
conductor device according to the present embodiment 1.
Specifically, the dielectric voltage-withstand test is a dielec-
tric voltage-withstand test of a ground of a semiconductor
module including the semiconductor device according to the
present embodiment 1, and more specifically, a test of
inspecting withstand voltage of the snubber circuit. When
the test is implemented, a P electrode and an N electrode
have the same potential, and the P-side circuit pattern 6 and
the N-side circuit pattern 7 also have the same potential.

Herein, a semiconductor device relating to the semicon-
ductor device according to the present embodiment 1 (re-
ferred to as “related semiconductor device” hereinafter) is
described.

FIG. 3 is a cross-sectional view illustrating a configura-
tion of a related semiconductor device. The same reference
numerals as those described in the present embodiment 1
will be assigned to the same or similar constituent element
in the related semiconductor device illustrated in FIG. 3, and
the different constituent elements are mainly described here-
inafter.
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As illustrated in FIG. 3, in the related semiconductor
device, the P-side circuit pattern 6 extends in a planar
surface direction, and the snubber circuit substrate 14 is
joined to the extension part by the joining material 10 such
as solder. One end of an alternating-current source 25 is
connected to the P-side circuit pattern 6 and the N-side
circuit pattern 7, and the other end thereof is connected to the
base plate 5.

When the dielectric voltage-withstand test is performed in
a case where a crack 26 illustrated in FIG. 3 does not occur
in the insulating layer 11 of the snubber circuit substrate 14,
electrical characteristics between the P-side circuit pattern 6
and the base plate 5 and between the N-side circuit pattern
7 and the base plate 5 are detected. In the meanwhile, even
in a case where the crack 26 illustrated in FIG. 3 occurs in
the insulating layer 11 of the snubber circuit substrate 14 and
the snubber circuit is short-circuited to the P-side circuit
pattern 6, the snubber circuit is located on an opposite side
of the P-side circuit pattern 6 from the base plate 5, thus
when the dielectric voltage-withstand test is performed,
electrical characteristics between the P-side circuit pattern 6
and the base plate 5 and between the N-side circuit pattern
7 and the base plate 5 are detected. In this manner, in the
related semiconductor device illustrated in FIG. 3, the
electrical characteristics detected in the dielectric voltage-
withstand test does not change depending on the occurrence
of the crack 26 in the insulating layer 11 of the snubber
circuit substrate 14. Accordingly, in the related semiconduc-
tor device illustrated in FIG. 3, the occurrence of the crack
26 in the insulating layer 11 of the snubber circuit substrate
14 cannot be detected, and furthermore, withstand voltage of
the snubber circuit substrate 14 cannot be detected.

In the meanwhile, in the semiconductor device illustrated
in FIG. 1 according to the present embodiment 1, the
snubber circuit substrate 14, the P-side circuit pattern 6, the
N-side circuit pattern 7, and the circuit pattern 8 are located
separately from each other on the insulating layer 2 of the
insulating substrate 1. When the dielectric voltage-withstand
test is performed in such a configuration, the electrical
characteristics between the P-side circuit pattern 6 and the
base plate 5, between the N-side circuit pattern 7 and the
base plate 5, and between the snubber circuit substrate 14
and the base plate 5 are detected. The detected electrical
characteristics changes depending on the occurrence of the
crack in the insulating layer 11 of the snubber circuit
substrate 14. Accordingly, in the semiconductor device
illustrated in FIG. 1 according to the present embodiment 1,
the occurrence of the crack in the insulating layer 11 of the
snubber circuit substrate 14 can be detected after providing
the snubber circuit, and furthermore, withstand voltage of
the snubber circuit substrate 14 can be detected. Accord-
ingly, the withstand voltage of the snubber circuit constitut-
ing the resistance 15 and the capacitor 16 can be detected,
thus outflow of a defective product of semiconductor device
can be prevented and increase in quality of the semiconduc-
tor device can be expected.

As illustrated in FIG. 1, the resistance 15 is provided on
the snubber circuit substrate 14 and the capacitor 16 is
provided the N-side circuit pattern 7 and the circuit pattern
8 to each separate them. Accordingly, a degree of freedom
of a layout for the configuration of the snubber circuit is
increased, and downsizing of the semiconductor device or
increase in capacity of the semiconductor device can be
achieved while maintaining a size thereof.

The semiconductor element 9 may contain silicon carbide
(SiC). The semiconductor device in which the semiconduc-
tor element 9 contains silicon carbide can operate in a
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high-temperature environment compared with the semicon-
ductor device in which the semiconductor element 9 con-
tains silicon (Si). The semiconductor device in which the
semiconductor element 9 contains silicon carbide has a
problem that ringing significantly occurs at a time of switch-
ing operation. In contrast, according to the semiconductor
device according to the present embodiment 1, the occur-
rence of ringing can be reduced by the snubber circuit.

Steps 1 to 3 described below may be implemented in a
process of manufacturing the semiconductor device. The
resistance may be replaced with a capacitor in Steps 1 to 3.

In Step 1, the dielectric voltage-withstand test is imple-
mented on a single body of the snubber circuit substrate 14
provided with the resistance. Next, in Step 2, the snubber
circuit substrate 14 is provided on the insulating substrate 1,
the snubber circuit substrate 14 and the P-side circuit pattern
6 are clectrically connected via the wiring 19, and the
snubber circuit substrate 14 and the circuit pattern 8 are
electrically connected via the wiring 20. Next, in Step 3, the
dielectric voltage-withstand test is implemented on the snub-
ber circuit after completing the semiconductor device.

Steps 1 to 3 described above are implemented, thus an
inspection accuracy of insulating resistance of the snubber
circuit is further increased, and increase in quality of the
semiconductor device can be expected.

Embodiment 2

FIG. 4 is a cross-sectional view illustrating an example of
a configuration of a semiconductor device according to the
present embodiment 2. FIG. 5 is a plan view of the semi-
conductor device illustrated in FIG. 4.

As illustrated in FIGS. 4 and 5, the semiconductor device
according to the present embodiment 2 has characteristics
that a wiring 27 is located in parallel to the capacitor 16
located on the N-side circuit pattern 7 and the circuit pattern
8. The other configuration is similar to that of the semicon-
ductor device according to the embodiment 1 illustrated in
FIG. 1, thus the detailed description is omitted herein.

One end of the wiring 27 is connected to the N-side circuit
pattern 7, and the other end thereof is connected to the circuit
pattern 8.

According to the configuration illustrated in FIGS. 4 and
5, potential, which is the same as that in the P-side circuit
pattern 6 and the N-side circuit pattern 7 can be applied to
the circuit pattern 8 to which the capacitor 16 is connected
at the time of the dielectric voltage-withstand test described
in the embodiment 1, and withstand voltage of the snubber
circuit can be more reliably confirmed. Accordingly, further
increase in quality of the semiconductor device can be
expected.

The wiring 27 is fused and cut with energizing current at
a time of conducting current to the semiconductor element
9 after implementing the dielectric voltage-withstand test.

Described above is the configuration that the capacitor 16
is provided on the N-side circuit pattern 7 and the circuit
pattern 8 and the resistance 15 is provided on the snubber
circuit substrate 14, however, the configuration is not limited
thereto. For example, the effect similar to that described
above can be obtained by a configuration that the resistance
15 is provided on the N-side circuit pattern 7 and the circuit
pattern 8 and the capacitor 16 is provided on the snubber
circuit substrate 14.

Embodiment 3

FIG. 6 is a drawing illustrating an example of a circuit
constituting a semiconductor device according to the present
embodiment 3. FIG. 7 is a plan view of the semiconductor
device illustrated in FIG. 6.
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As illustrated in FIGS. 6 and 7, the semiconductor device
according to the present embodiment 3 has characteristics
that a snubber circuit is not provided between a P terminal
and an N terminal but is provided in each arm. The other
configuration is similar to that in the embodiment 1, thus the
detailed description is omitted herein.

As illustrated in FIG. 6, a semiconductor element 9a and
a snubber circuit 28a are connected in parallel to each other
between a P terminal and a U terminal. The snubber circuit
28a is made up of a resistance 15a and a capacitor 16a. A
semiconductor element 95 and a snubber circuit 285 are
connected in parallel to each other between a U terminal and
an N terminal. The snubber circuit 285 is made up of a
resistance 156 and a capacitor 165. That is to say, the
snubber circuit 28a is provided in an upper arm and the
snubber circuit 285 is provided in a lower arm. According to
such a configuration, the snubber circuits 28a and 285 can
be provided in positions closer to each other in the semi-
conductor elements 9a and 954, thus the effect of further
reducing the ringing can be achieved.

When the snubber circuit is provided in each arm, a space
for constituting the snubber circuit is limited due to a
structure of a circuit pattern. However, according to the
semiconductor device in the present embodiment 3 illus-
trated in FIG. 7, the resistances 15a and 155 constituting the
snubber circuits 28a and 286 are located in the positions
away from the P-side circuit pattern 6, the N-side circuit
pattern 7, and the circuit pattern 8 on the insulating substrate
1, thus the degree of freedom of the layout can be increased
and the snubber circuit can be provided in a narrow space.
In this case, the capacitors 16a and 165 constituting the
snubber circuit can be provided on an already-existing
circuit pattern (the P-side circuit pattern 6, the N-side circuit
pattern 7, and the circuit pattern 8).

According to the disclosure, each embodiment can be
arbitrarily combined, or each embodiment can be appropri-
ately varied or omitted within the scope of the disclosure.

While the invention has been shown and described in
detail, the foregoing description is in all aspects illustrative
and not restrictive. It is therefore understood that numerous
modifications and variations can be devised without depart-
ing from the scope of the invention.

What is claimed is:

1. A semiconductor device, comprising:

an insulating substrate;

a circuit pattern provided on the insulating substrate;

a snubber circuit substrate provided on the insulating
substrate and non-overlapping in plan view from the
circuit pattern;

a resistance provided on one of the circuit pattern and the
snubber circuit substrate;

a capacitor provided on another one of the circuit pattern
and the snubber circuit substrate; and

at least one semiconductor element electrically connected
to the resistance and the capacitor, wherein

the snubber circuit substrate comprises an insulating layer
joined to the insulating substrate.

2. The semiconductor device according to claim 1,

wherein

the resistance is provided on the snubber circuit substrate,
and

the capacitor is provided on the circuit pattern.

3. A semiconductor device, comprising:

an insulating substrate;

a circuit pattern provided on the insulating substrate;

a snubber circuit substrate provided on the insulating
substrate separately from the circuit pattern;
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a resistance provided on one of the circuit pattern and the
snubber circuit substrate;
a capacitor provided on another one of the circuit pattern
and the snubber circuit substrate;
at least one semiconductor element electrically connected
to the resistance and the capacitor; and
a wiring provided in the circuit pattern in parallel to the
resistance or the capacitor provided in the circuit pat-
tern.
4. The semiconductor device according to claim 1,
wherein
the plurality of semiconductor elements are included, and
the resistance and the capacitor are connected to the at
least one semiconductor element.
5. The semiconductor device according to claim 1,
wherein
the semiconductor element contains silicon carbide.
6. The semiconductor device according to claim 1,
wherein
the snubber circuit substrate includes a snubber circuit
pattern provided on the insulating layer, and
the resistance or the capacitor is provided on the snubber
circuit pattern.
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7. A method of manufacturing a semiconductor device
comprising an insulating substrate, a circuit pattern provided
on the insulating substrate, a snubber circuit substrate pro-
vided on the insulating substrate separately from the circuit
pattern, a resistance provided on one of the circuit pattern
and the snubber circuit substrate, a capacitor provided on
another one of the circuit pattern and the snubber circuit
substrate, and at least one semiconductor element electri-
cally connected to the resistance and the capacitor, the
method comprising steps of:

(a) implementing a dielectric voltage-withstand test on a
single body of the snubber circuit substrate in which the
resistance or the capacitor is provided;

(b) after the step (a), providing the snubber circuit sub-
strate on the insulating substrate, and electrically con-
necting the snubber circuit substrate and the circuit
pattern; and

(c) after the step (b), implementing a dielectric voltage-
withstand test on a snubber circuit made up of the
resistance and the capacitor.
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